ABSTRACT. Fish assemblages from two sandy beaches in the lower Purus river (Amazonas, Brazil) were compared. Four sampling groups were represented by: day and night samples in sandy beach inside the Reserva Biológica de Abufari (biological reserve) and day and night samples in the Reserva de Desenvolvimento Sustentável Piagaçu-Purus (sustainable development reserve). Samples were collected during low water levels (November) in 2007. The fish were sampled by means of seines with mesh size of 5 mm between opposing knots, 11 m long and 6 m wide. A total of 112 fish species belonging to nine orders and 27 families was captured. The vast majority of the dominant forms consisted of small fishes (< 100 mm SL) or juveniles. Samples collected in Abufari at night presented more specimens (3,540), higher richness (84 spp.), larger total biomass (76,614 g) and higher diversity (H'= 2.57) than the other groups. The composition of fish assemblages was significantly different among all analyzed groups (ANOSIM, p < 0.0001, R= 0.71). NMDS analysis also clustered all species in four distinct groups according to species composition per period and site. SIMPER analyses showed that 80% of variation of species composition among the groups examined was due to 12 species. However, fish composition did not show any correlation with the abiotic factors examined. Different levels of use in both reserves may explain differences in fish composition.
Much have already been said about the extreme richness of the ichthyofauna in the Amazon river sensu latu (BÖHLKE et al., 1978; GOULDING et al., 1988; LOWE-MCCONNELL, 1999; REIS et al., 2003) . Diversity among different environments or even microhabitats within the large Amazon river drainage system is far from being satisfactorily assessed (RAPP PY-DANIEL et al., 2007) . Efforts to unravel the ichthyofauna in benthic habitats have been directed to sandy beaches along the margins of rivers (STEWART et al., 2002) or to the bottom of deepriver channel environments (LUNDBERG et al., 1987; COX-FERNANDES, 1999; COX-FERNANDES et al., 2004) . The literature on Amazon fishes present in sandy beaches is extremely poor (GOULDING et al., 1988; IBARRA & STEWART, 1989; JEPSEN, 1997; STEWART et al., 2002; ARRINGTON & WINEMILLER, 2003) . One of the possible reasons for the scarcity of information in this subject is the seasonality of the habitat: the vast majority of the sandy beaches are exposed only during three months of the year in the Amazon. Also, these habitats may show an incredibly high rate of dynamic faunal replacement, because rising and lowering waters occur on a weekly or even a daily basis.
Ichthyofauna composition has been shown to vary between periods and have been related to different fish activities, such as feeding, mating and moving (MATTHEWS, 1998; LOWE-MCCONNELL, 1999; ARRINGTON & WINEMILLER, 2003; PESSANHA & ARAÚJO, 2003) and must play an important role in maintenance of diversity. Siluriformes and Gymnotiformes are more active at night whereas most of the Characiformes feed and migrate during the day (MATTHEWS, 1998; LOWE-MCCONNELL, 1999) . There are also preferences among groups of fishes to look for shelter or protection in sandy beaches during different periods of the night ARRINGTON & WINEMILLER, 2003; PESSANHA & ARAÚJO, 2003) . Sandy beach dwellers have developed successful strategies to cope with fast lowering and rising of the waters, lack of places to hide, very high temperatures during the day, and an apparently extremely poor environment to look for food. Several forms adapted to sandy environments present translucent bodies almost without any coloration; others are creamy colored with dark small spots mimicking the sandy substrate; some present shiny surfaces in order to confound predators ZUANON et al., 2006) .
The Purus river has always been considered an extremely rich environment, contributing significantly to the commercialized fish stocks in Manaus (BATISTA, 2003) . The ichthyofauna of the Purus river has been recently assessed through different published surveys (RAPP PY-DANIEL & DEUS, 2003; ROSSONI et al., 2010; SILVA et al., 2010) . The large size of the drainage and great diversity of environments, including many small tributaries and several lakes, in addition to the dramatic change in the landscapes between low and high waters, are essential for the maintenance of its organismic diversity and complex biological interactions.
The present work was conducted in two very different protected areas: the Reserva Biológica de Abufari (biological reserve), in which any kind of use of its biodiversity is forbidden, and the Reserva de Desenvolvimento Sustentável Piagaçu-Purus (sustainable development reserve), a reserve of sustainable use. Differently, in Abufari, all fishing, hunting and logging are forbidden. Even whole families were displaced from their houses to avoid confrontation with environmental agents. Abufari is an extremely rich area also known as point of egg deposition and hatching for Amazon turtles of the genus Podocnemis Wagler, 1830 (VOGT, 2003) . On the other hand, Piagaçu Reserve has almost 60 communities that make their living through its biodiversity: all kinds of fishing (subsistence, commercial and ornamental), hunting (caimans, big mammals, birds and turtles), logging and planting are regular practices among locals.
We conducted the survey on two sandy beaches during low waters (November) in 2007. The beaches start to appear by the middle of September and reach their peak of exposed area by the end of November. In December, the water starts to rise again and the disappearance of the beaches happens in few weeks.
Our objectives were to investigate possible nictemeral differences in the composition, richness and biomass of the ichthyofauna between two sandy beaches (Abufari beach and Praia Grande).
MATERIAL AND METHODS
Study area. Sampling was conducted in November of 2007 (dry season) on two sandy beaches of the lower Purus River, one of the major white-water tributaries of the Amazon-Solimões System (GOULDING et al., 2003) . The first sandy beach is located in Abufari beach, in Reserva Biológica do Abufari (05°22'S 63°04'W), and the second in the Praia Grande, Reserva de Desenvolvimento Sustentável Piagaçu-Purus (04°30'S, 62°03'W) (Fig. 1) .
Sampling methods. The sampling area covered approximately 3 km in each beach. We sampled 10 discrete patches of 100 m on each sandy beach only once. Each patch was considered a sample unit separated from the next by 100 m. On each patch three non-overlapping collections were made covering its whole area and combined to represent one sample. Samples were taken during daylight (6:00-10:00 am) and at night (6:00-10:00 pm), with a 36-hour-minimum interval. Fish captures were made with an 11 m-long and 6 m-deep seine of 5 mm mesh size. During seine hauls, one end of the seine was pulled along the shoreline and the other end was pulled in a parallel direction offshore. At the offshore end of the seine the maximum depth was 1.5 m. Water temperature ( 0 C), conductivity (µS cm -1 ), dissolved oxygen (%), pH and average depth of the first 10 m were measured (Tab. I). Depth measures were taken at each meter perpendicular to the shore.
Fish samples were coded and separated in plastic bags. All fishes were preserved in 10% formalin, posteriorly washed in water and conserved in 70% ethanol for identification. Voucher specimens were deposited in the Instituto Nacional de Pesquisas da Amazônia fish collection, Manaus, AM, Brazil .
Four groups of samples were compared: fishes sampled in Abufari during the day and during the night, and fishes from Praia Grande during the day and during the night. Fish composition was compared between both beaches regardless the period, between periods in the same beach, and between periods in the different beaches.
Statistical Analysis. Fish composition, richness, total abundance and biomass were determined for each beach and collecting period. Species richness was compared between groups by using rarefaction of individuals and species diversity was measured using the Shannon-Wiener Diversity Index (H') (KREBS, 1989), tested for significant differences between samples with Hutcheson's method (HUTCHESON, 1970) . We estimated the Evenness (Shannon's equitability) species and the Dominance, using Simpson's index (SIMPSON, 1949) . The Shannon diversity index is calculated as:
, where p i is the proportion of individuals in the i th species. For the application of Hutcheson's method it must be calculated the variance in the diversity, the t test and the degrees of freedom.
Variance is estimated by:
where S is the number of species and N is the total number of individuls.
The t statistic is calculated as:
where H' 1 is the diversity of site 1 and VarH' 1 is its variance. The degree of freedom is calculated by:
. Evenenss was calculated as
, where S is species richness; and Dominance with the formula:
, where n i is the number of individuals per species i and N is the total number of individuals. Calculations of Evenness, Dominance and Biomass were made with logarithmized data and their scores were compared through analyses of variance (ANOVA), followed by a posteriori Tukey test at a significance level of 95%.
A Non-metric Multidimensional Scaling ordination analysis (NMDS) was constructed with abundance data (log 10). To compare assemblages by beach and by period we used Analysis of Similarity ANOSIM (CLARKE, 1993) . ANOSIM is a nonparametric procedure for testing hypothesis of non-similarity between two or more groups of entities (MCCUNE & GRACE, 2002) . This procedure uses the statistic test (R) based on the difference between the average of all the ranks dissimilarities between objectsbetween-groups (r B ) and the average of all the ranks dissimilarities between objects-within-groups (r W ) (QUINN & KEOUGH, 2002) , based on the formula:
where n means the total number of sample units. R varies from +1 to -1. R values greater than 0 mean more dissimilarity between groups than within groups, R values of zero indicate that there is no difference, and negative values of R mean that dissimilarities within groups are greater than dissimilarities between groups. To calculate the dissimilarity matrices we used Bray-Curtis index, a test considered most appropriate for biotic data (BRAY & CURTIS, 1957) . Pairwise comparisons were conducted through analyses of the R value, as a pos-hoc test, and p Bonferroni corrected values (which are multiplied by the number of comparisons) (CLARKE, 1993) . In addition to that, a SIMPER analyses (percent of similarity) was used to evaluate the principal taxa responsible for the observed differences between the sampled groups. All the analyses were done using the free software PAST 2.03 (HAMMER, 2010) .
To test for possible correlation between abiotic factors and fish composition, Canonical Correspondence Analysis (CCA) was conducted using fish species abundances and temperature, dissolved oxygen, pH, conductivity, and average depth. For this analysis, we used PC-Ord (McCune & Mefford, 1997) . All data were logarithmized using [log10 (n+1)] for abundance and (log 10) for abiotic values. 
RESULTS
Samples from both beaches resulted in 10,065 specimens, representing nine orders, 27 families and 112 species (Tab. II). Praia Grande during the day produced 37 species, Praia Grande at night 62, Abufari beach had 60 species during the day and 84 during the night (Tab. III). Considering all samples together, Characiformes were by far the richest group with 53 species (47% of the total), followed by Siluriformes with 39 species (35%) and Gymnotiformes with seven species (6%). Numerically, Characiformes were also more abundant, with 3,369 (34% of the total number of specimens), followed by Siluriformes with 2,849 (28%), and Tetraodontiformes with 1,542 (15%). Characiformes and Siluriformes were dominant in all analysed groups (Abufari day, Abufari night, Praia Grande day and Praia Grande night); Gymnotiformes were the third more dominant group only during night samples (Tab. II). The richest family was Characidae, with 27 species, followed by Pimelodidae, with 12 species (Tab. II).
Fish composition between beaches, independent of the period, showed 57 species (51%) in common to both beaches, whereas 38 (34%) were exclusive to Abufari beach and 17 (15%) exclusive to Praia Grande (Tab. II). Comparing fish composition during the periods, regardless of the beach, 60 species were found during day and night; 42 only at night and 10 species only during the day (Tab. II). Comparing periods and beaches, 44 species were found in common during the night in both beaches, but only 27 were common to both beaches during the day. Abufari beach had 49 species occurring day and night, whereas Praia Grande had only 25 (Tab. II).
According to the rarefaction curves, Praia Grande showed that the expected richness of a standard sample of 958 specimens was 37 species for the daily period and 42 for the nocturnal period. For Abufari, expected richness for daily and night period were 45 and 57 species respectively (Fig. 2) . Abufari at night presented more specimens (3,540), higher number of species (84 spp), larger total biomass (76,614+3,831 g) and higher diversity (H'= 2.57+0.21) than the other groups. On the other hand, Praia Grande during the day had the lowest number of individuals (958), least richness (37 spp), lowest total biomass (3,589+184 g) and least diversity (H'= 2.048+0.22) (Tab. III). Shannon indices were significantly different between all groups (p < 0.001), except between Abufari beach by day and Praia Grande by night (Tab. IV). ANOVA results for Equitability and Dominance were not different (p > 0.05) among beaches and periods. However, total biomass was significantly different between all groups (p = 0.000), except between Abufari beach by day and night (Tukey test, p = 0.5954).
Composition of fish assemblages was significantly different among sites and periods (ANOSIM, p < 0.0001, R= 0.71, Tab. V). NMDS analysis also clumped all the species in four distinct groups according to species composition per site and per period (Fig. 3) . ANOSIM and NMDS results revealed a greater similarity between Praia Grande day and night (R= 0.4756, p= 0.0006) and between Praia Grande night and Abufari beach day (R= 0.6232, p= 0), as well as a lesser similarity between Praia Grande day and Abufari beach night (R= 0.9613, p= 0).
SIMPER analyses showed that 80% of variation of species composition among the analyzed groups was due to 12 species (marked with an asterisk in table II). Some of these species were very abundant on both beaches and periods: Pimelodus gr. blochii and Colomesus asellus (Müller & Troschel, 1849) were the most abundant species in Abufari beach, representing 43% of all collected specimens and Triportheus cf. albus, Geophagus cf. proximus and Moenkhausia gr. lepidura were the most abundant species in Praia Grande, representing 57.5% of the total (Tab. II). Night samples represented 63% of the total sample with 102 species (Tab. II) and 6,335 specimens (Tab. III). Eigenmannia macrops (Boulenger, 1897) was one of the most abundant species on both beaches (1,264 specimens collected), but only during the night (12.5% of total number of specimens collected) (Tab. II). The vast majority of the dominant forms was comprised of small fishes such as Moenkhausia gr. lepidura, Moenkhausia cf. jamesi, Aphyocharax alburnus (Günther, 1869), Colomesus aselus (< 100 mm SL; these four species comprised of 2,803 specimens) or juveniles, especially of Triportheus cf. albus, Plagioscion cf. squamosissimus and Geophagus cf. proximus (2,150 specimens altogether). The majority of species present in both beaches and periods was clearly more abundant in Abufari, especially Siluriformes. Few Characiformes species were more abundant in Praia Grande than in Abufari. Despite of a larger number of some characins in Praia Grande by night, Siluriformes and Gymnotiformes were largely more abundant in Abufari beach by night. Within Siluriformes, all big catfishes were collected only in Abufari (day and night) (see table II for comparisons).
Finally, CCA did not show any correlation between species composition and abiotic factors (MONTE CARLO Test, p > 0.01). Abiotic factors were quite similar between both beaches; Abufari beach presented deeper areas (Tab. I). 
DISCUSSION
Sandy beaches can be considered a very speciesrich environment for fish assemblies when compared to other environments (GOULDING et al., 1988; RAPP PY-DANIEL et al., 2007) , especially concerning Characiformes (GOULDING et al., 1988; IBARRA & STEWART, 1989; JEPSEN, 1997; STEWART et al., 2002) .
Our results showed difference in fish composition (2001) , when studying nictemeral differences of fish larvae composition in Amazonas-Solimões and Negro Rivers, also noted a large number of Colomesus asellus in shallower waters at day and night. For Colomesus Gill, 1884 and the other small and more abundant forms, sandy beaches can be used for protection (too shallow for some larger predatory species) or also for foraging (GOULDING et al., 1988; IBARRA & STEWART, 1989; SANTOS & FERREIRA, 1999; STEWART et al., 2002) . Moreover, the large number of juveniles can indicate the role of this environment in nursery, as already observed for marine environments (PESSANHA & ARAÚJO, 2003; GAELZER et al., 2007) . The abundance of these forms might be one of the reasons of the lack of significant difference between Dominance and Evenness in our results when comparing between beaches and periods.
Analyses of similarity showed a large similarity between periods in Praia Grande, but not in Abufari. ARRINGTON & WINEMILLER (2003) , when studying nictemeral variance on fish assemblages in Cinaruco River, Venezuela, observed more similarity between nocturnal samples among different beaches than day-night samples in the same beach. Our different results could be related to a small number of sampled beaches to compare or, in Praia Grande, environmental conditions may be more constant during the whole day. In Abufari, on the other hand, more dramatic day-night changes may be occurring, causing a larger number of substitutions of fish species between periods. Abiotic conditions did not vary significantly to explain these differences.
The discrepancy on biomass values between both beaches observed in the present work is strongly related to the presence of big pimelodids, mainly predators, captured only on the Abufari beach in both periods, such as Pseudoplatystoma punctifer (Castelnau, 1855) (ZUANON & FERREIRA, 2008) . suggested that Pseudoplatystoma Bleeker, 1862 species prey closer to the shore than other catfishes and, as many piscivores, move towards the shores at night to feed.
It has already been suggested that, on beach environments, habitat selection and structure of fish assemblies are influenced by predation (IBARRA & STEWART, 1989; JEPSEN, 1997; STEWART et al., 2002; LAYMAN & WINEMILLER, 2004; ARRINGTON & WINEMILLER, 2003; 2006) . The presence of large numbers of fish predators in sandy beaches has been cited before (GOULDING et al., 1988; PEREIRA et al., 2007) , as well as the presence of fishes that prey on recently ecloded turtles (ALHO & PÁDUA, 1982; FACHÍN-TERÁN & VOGT, 2004) . Sandy beaches are important sites for turtle-eggs deposition what might be a factor of attraction for these big predators (VOGT, 2008) . Abufari beach is an important preserved site for egg deposition by different species of turtles, particularly, Podocnemis expansa (Schweigger, 1812) (tartaruga da Amazônia). Every year a large number of turtles lay their eggs in the Abufari beach. Praia Grande, on the other hand, has been subjected to continuous harvesting of turtle-eggs and it is not considered a turtle-egg deposition site for decades.
Abufari showed larger numbers and richness of Siluriformes and Gymnotiformes than Praia Grande. This difference could not be explained by abiotic factors (temperature, pH, dissolved oxygen, conductivity and mean depth), because our results showed that these parameters did not affect the composition of fish assemblages. STEWART et al. (2002) observed that differences between sandy beaches and river channels fish fauna could be related to depth. The beach-zone fish assemblage was strongly dominated by small characins, whereas the deep-river habitat was dominated by catfishes and weakly electric gymnotiforms. Praia Grande and Abufari did not show significant differences in depth, although Abufari showed the deepest areas. IBARRA & STEWART (1989) also related fish richness to latitude: beaches from lower latitudes would have a greater richness of fish than beaches at low altitude. Their work involved strong variation in altitudes, what is not the case of the Purus drainage which has its greatest stretch running on the sedimentary basin.
Nictemeral differences were not as remarkable as fish composition between both beaches. Larger biomass, more diversity and more species were clearly observed in Abufari beach and, as the abiotic factors did not have any influence in fish composition, the two beaches are structurally very similar, the main factor that might be influencing fish richness and abundance is the level of protection. Both beaches are located in protected areas under federal (Abufari beach) or state (Praia Grande) government protection. Despite its location in a protected area, where use is controlled, Praia Grande is subjected to some fisheries pressure. Abufari beach, on the other hand, is located in a full-protection unit, where fisheries are not allowed. This fact might have contributed for the maintenance of overall diversity and natural fish populations, as already observed in some marine environments (GAELZER et al., 2007) , what reinforces the need of measures of environmental protection. Different levels of protection along creeks have been appointed as major causes for differences in fish species richness, diversity and abundance (DIAS & TEJERINA-GARRO, 2010; CASATTI et al., 2010) .
Our results raise the question of maintaining of fish diversity in areas with low levels of restriction of use and points out for the necessity to really develop management plans to keep fishing areas sustainable. Especially in sandy beaches, with very short period of exposition and high vulnerability to fisheries, more efforts should be directed to management plans. Praia Grande has already lost its status as an area for turtle egg-laying and hatching, due to strong predation by locals over the years. This kind of resource becomes unavailable for the locals, as well, and this situation can be seen along several sandy beaches on different tributaries of the Solimões-Amazonas system. To regain local sustainability, Praia Grande would have to go through a very objective management plan, what might be very uneffective these days due to the strong antropic activities in the area. However, our results could encourage that other sustainable reserves should work towards developing active management plans that could guarantee their sustainability.
